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S O M E N E W D A T A O N T H E O R D O V I C I A N L A N D P L A N T S F R O M 
P O L A N D (3). 
P . G R E G U S S 
D i r e c t o r o f I n s t i t u t e f o r B o t a n y of t h e U n i v e r s i t y , S z e g e d , H u n g a r y 
I n 1959 a p p e a r e d in t h e Acta Palaeontologica Polonica ( V o l . I V . N o . 1. W a r s z a w a , 
1959) t h e p a p e r of P . GREGUSS a n d R . KOZLOWSKY „ D i s c o v e r y of O r d o v i c i a n L a n d P l a n t s " , 
a p r e l i m i n a r y r e p o r t o n t h e p r i m i t i v e O r d o v i c i a n l a n d p l a n t s f r o m P o l a n d . In h i s s e c o n d 
p a p e r „ D i e E n t d e c k u n g v o n U r k o r m o p h v t e n a u s d e m O r d o v i z i u m (2) ( A c t a Biologica, S z e -
gcd, T o m . V I I . , Fasc . 1—2. 1961) P . GREGUSS h a s d e a l t m o r e f u l l y w i t h t h e p r o b l e m a n d 
f r o m t h e p l a n t res t s d e s c r i b e d Musciphyton ramosum a n d Hcpaticacphyton simplex as n e w 
species. In t h e A p p e n d i x of th i s p a p e r t h e a u t h o r s t resses t h a t s o m e w o r k e r s c a l l i n t o d o u b r 
t h e O r d o v i c i a n o r i g i n o f these p l a n t rests a n d e v e n t h e i r be ing p r i m i t i v e l a n d p l a n t s a t a l l , 
c o n s i d e r i n g t h e m r a t h e r a s r o o t p a r t i c l e s o f r ecen t h i g h e r S p e r m a t o p h y t e s (Carex), t h u s r a t -
i ng t h e w h o l e f i n d n o t o f O r d o v i c i a n b u t of s u b r e c e n t o r i g i n . T h e a u t h o r a l r e a d y in t h a t 
p a p e r — t o j u s t i f y h i s o r i g i n a l v i e w — c o m p a r e s t h e c ross sec t ion s t r u c t u r e of t h e t h i n roo t s 
of s o m e Carex spec ies w i t h t h e c ross sec t ions of t h e s e p l a n t rests , c o m i n g t o t h e c o n c l u s i o n 
t h a t t h e r e is n o s i m i l a r i t y w h a t s o e v e r b e t w e e n t h e t w o k i n d s o f s t r u c t u r e s a n d t h a t t h e s e rests 
a c c o r d i n g l y c a n n o t b e r o o t p a r t i c l e s of r ecen t p l a n t s . T h e a u t h o r a d m i t s , a l r e a d y in th is 
p a p e r , t h a t t h e r e is a n e x t e r n a l r e i e m b l e n c e a p p a r e n t l y s u p p o r t e d b y t h e d r a w i n g s o f t h e 
Carex r o o t s e x a m i n e d b y BERTSCH a n d MATJUSCHENKO, in the i n t e r n a l s t r u c t u r e s , h o w e w e r , 
t h e r e is a d e f i n i t e d i f f e r e n c e . T h e r e f o r e t h e a u t h o r d o c s n o t t h i n k it l i k e l y t h a t t h e O r d o v i -
c i an f i n d s f r o m P o l a n d s h o u l d b e r e c e n t Carex r o o t res ts . 
T h e s e c o n t r a r y o p i n i o n s a n y w a y g a v e t h e a u t h o r f o o d f o r t h o u g h t a n d a r o u s e d s o m e 
susp ic ion w i t h h i m , w h e t h e r t h e s e p l a n t rests p r e p a r e d b y P r o f . KOZLOWSKY f r o m O r d o v i c i a n 
m a t e r i a l a r e w i t h a b s o l u t e c e r t a i n t y o f O r d o v i c i a n o r i g i n , w h e t h e r t h e y d i d n o t get i n t o i t 
s u b s e q u e n t l y a n d if so , w h e t h e r t hey a r e a c t u a l l y r o o t rests of h i g h e r p l a n t s l i v i n g a t p r e s e n t 
a n d p a r t i c u l a r l y o f Carex. 
S i n c e t h e a u t h o r u p t o n o w d e s c r i b e d o n l y t w o o f t h e p l a n t rests o b t a i n e d f r o m P r o f . 
KOZLOWSKY, t h o u g h t h e r e a r e s o m e m o r e w h o s e e x a c t o r i g i n e a n d p r o p e r p l a c e is in n o w a y 
d e c i d e d as ye t , h e u p o n m a t u r e c o n s i d e r a t i o n r e s o l v e d t o m a k e k n o w n a l so t h e s e f u r t h e r 
res ts , a b s t a i n i n g , h o w e v e r , f r o m g i v i n g t h e m n e w n a m e s . H e m e r e l y i n t e n d s t o d e m o n s t r a t e 
t o the w o r l d o f sc ience w h a t p l a n t res t s w e r e sti l l t h e r e in t h a t r o c k , o r i g i n a t i n g , a s s t a t e d , 
f r o m t h e O r d o v i c i a n . H e wi l l d e s c r i b e t h e m in t h e c o n d i t i o n a s r e c e i v e d f r o m P r o f . K o z -
LOWSKY, a l i g n i n g — m a i n l y in o r i g i n a l u n r e t o u c h e d p h o t o g r a p h s — t h e a r g u m e n t s t h a t in 
h i s o p i n i o n seem t o p r o v e t h a t t h e s e p a r t i c l e s m u s t h a v e been d e r i v e d f r o m v e r y p r i m i t i v e 
p l a n t s , m a i n l y o f t h e c h a r a c t e r of Bryophyta. T h e r e is n o n e a m o n g t h e p l a n t rests t o b e d e s -
c r i bed w h o s e d e r i v a t i o n f r o m h i g h e r Spermatophytes a n d the so c a l l e d r o o t o r i g i n c o u l d b e 
d e f i n i t e l y s t a t e d . O n t h e e v i d e n c e o f e x t e r n a l a n d i n t e r n a l m o r p h o l o g i c a l c h a r a c t e r s t h e 
a u t h o r is s t i l l i nc l i ned t o t h i n k t h a t t h e s e p l a n t p a r t i c l e s , i r r e s p e c t i v e n o w of w h e t h e r t hey 
o r i g i n a t e f r o m t h e O r d o v i c i u m o r f r o m a n o r e r e c e n t e p o c h , w e r e r a t h e r q u i t e p r i m i t i v e o r -
g a n i s m s t h a n r o o t res t s o f r ecen t Spermatophytes. B u t e v e n t h i s s t a n d p o i n t is n o t m a i n t a i n e d 
b y t h e a u t h o r w i t h a b s o l u t e d e f i n i t e n e s s . P r o b a b l y s o m e of t h e w o r k e r s wil l s u p p o r t w i t h o b -
j e c t i v e a r g u m e n t s t h e c o r r e c t n e s s o r i n c o r r e c t n e s s of o n e a s s u m p t i o n o r t h e o t h e r . T h e a u t h o r 
h a s o n l y s o m e d o u b t s r a i s e d by the geo log ica l p e r i o d a n d the a l m o s t u n i m p a i r e d p e r s i s t e n c e , 
m u c h less a s t o t h e „ r o o t " o r i g i n . 
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Both in t h e 1. a n d 2. p a p e r t h e a u t h o r h a s b r i e f l y r e v i e w e d t h e c o n d i t i o n s in w h i c h 
t h e s e p l a n t rests c a m e t o l i gh t a n d w e r e s c i e n t i f i c a l l y a n a l y s e d . P h o t o N o . 1. r e f e r s t o t h e 
p iece o f r o c k , f r o m w h i c h t h e p l a n t rests to be d e s c r i b e d w e r e p r e p a r e d b y P r o f . KO/LOTSKY 
a n d h a n d e d o v e r t o the a u t h o r f o r e x a m i n a t i o n . P r o f . KOZLOISKY r e p o r t s u p o n t h e c o n d i -
t i o n s in w h i c h h e o b t a i n e d t h e p l a n t rests as f o l l o w s : 
P h o t . N o . 1. 
„ F o r t h e p u r p o s e o f e t c h i n g f r o m O r d o v i c i a n c a l c a r e o u s r o c k s g r a p t o l i t e s a n d o t h e r 
a n i m a l s w i t h c h i t i n o u s s k e l e t o n t h e p r e s e n t w r i t e r has , f o r m a n y y e a r s p a s t , u s e d t h e h y d r o -
c h l o r i c a n d ace t i c ac id t r e a t m e n t . R e c e n t l y , d u r i n g t h i s w o r k , h a h a s d i s c o v e r e d p l a n t r e m a i n s 
of p a r t i c u l a r i n t e re s t . 
T h e r o c k s w h i c h h a v e y i e l d e d these o r g a n i s m s a r e e r r a t i c b o u l d e r s c a r r i e d t o P o l a n d 
f r o m S c a n d i n a v i a a n d t h e B a l t i c r eg ion b y P l e i s t o c e n e g l a c i e r s . Bes ides p u l v e r i z e d o r 
m i n u t e f r a g m e n t s o f c a l c a r e o u s a n i m a l ske l e tons t h e y p r a c t i c a l l y a l w a y s c o n t a i n n u m e r o u s 
r e m a i n s o f c h i t i n o u s ske l e tons , such as Graptolithina, Annelida ( j a w s ) a n d Hydroida. O c c a -
s i o n a l l y t h e y a l so y i e l d p l a n t r e m a i n s . T h e m a j o r i t y o f t h e s e a r e r e f e r a b l e t o Phycomyceles 
a n d Algae. T h e y o c c u r in a s s o c i a t i o n w i t h t y p i c a l l y m a r i n e f a u n a a n d , m o s t l i k e l y , w e r e 
t h e m s e l v e s m a r i n e o r g a n i s m s . S p o r a d i c a l l y , h o w e w e r , a m o n g t h e s e a q u a t i c p l a n t s r e m a i n s a r c 
n o t e d o f o t h e r , h i g h e r o r g a n i s a t i o n s a n d p r o b a b l y of c o n t i n e n t a l o r i g i n . T h e s e s p e c i m e n s h a v e 
a t t r a c t e d t h e w r i t e r ' s a t t e n t i o n as e v i d e n c e o f p a r t i c u l a r i n t e r e s t . " 
„ T h e p l a n t s , f o r w h i c h GRECUSS h a s i n t r o d u c e d t h e n e w g e n e r i c n a m e of Musciphyton 
g e n . n o w , w e r e e x t r a c t e d f r o m a b o u l d e r ( N o . o . 2 2 5 ) , 1,65 k g in w e i g h t , c o l l e c t e d n e a r 
Z a k r o c z y m , in t h e v a l l e y of t h e V i s t u l a . It is a c o m p a c t pa ' l i t ic l i m e s t o n e , l i t h o l o g i c a l l y 
s i m i l a r t o the l i t h o g r a p h i c l i m e s t o n e of the J u r a s s i c . T h i s r o c k , f a m i l i a r l o n g s i n c e t o g e o -
log i s t s w h o s t u d y t h e e r r a t i c b o u l d e r s of t he N o r t h of E u r o p e is b y G e r m a n w r i t e r s r e f e r -
r e d t o a s „ O s t s e e k a l k " . T h e g r a p h o l i t e Oribograptus gracilis (ROEMER) is i ts m o s t c o m m o n 
i n d e x fossi l . I t s a g e m o s t p r o b a b l y c o r r e s p o n d s t o t h a t o f t h e „ S a u n j a " ( F I a ) h o r i z o n , t h a t 
is t o t h e m i d d l e p a r t o f t h e E s t o n i a n O r d o v i c i a n . 
B o u l d e r N o . o 2 4 1 , o n e kg . in w e i g h t , w h i c h h a s y i e l d e d p l a n t s c a l l e d b y GREGUSS 
Hcpalicaephyton, w a s a l so c o l l e c t e d n e a r Z a k r o c z y m . I t is a l i m e s t o n e wi t f i g r a n u l a r 
t e x t u r e , a l m o s t e n t i r e l y m a d e u p of c a l c a r e o u s f r a g m e n t s o f i n d e t e r m i n a t e lirachiopoda a n d 
tes t s of Echinodermata. J u v e n i l e g a s t r o p o d shel ls a n d less f r e q u e n t c o n o d o n t d e n t i c l e s a r e 
e n c o u n t e r e d a m o n g t h e s e f r a g m e n t s . " 
„ C h i t i n o u s r e m a i n s a r e n o t c o m m o n , b e i n g m a i n l y t h o s e o f Scolecodonta a n d Cbitinozoa; 
Phycomyceles a r e a b u n d a n t . T h e a g e of th i s b o u l d e r c a n n o t be e x a c t l y d e t e r m i n e d o n t h e 
a n i m a l r e m a i n s i t c o n t a i n s . Scolecodonta a n d Cbitinozoa a r e c o m m o n f o r m s in M i d d l e a n d 
U p p e r O r d o v i c i a n b o u l d e r s . C l o s e r i n v e s t i g a t i o n of t h e s e r e m a i n s m a y in t h e f u t u r e l e a d t o 
a m o r e e x a c t d a t i n g o f t h i s b o u l d e r . F o r t h e p r e s e n t , h o w e v e r , i t is e s t a b l i s h e d as O r d o v i c i a n . " 
O n t h e e v i d e n c e of these d a t a the p r e s e n t a u t h o r p r o p o s e s t o b r i e f l y d e s c r i b e s o m e 
p l a n t res t s c o n s i d e r e d b y h i m — c o n d i t i o n a l l y — t o be of r a t h e r q u i t e simple^ p r i m i t i v e , m o s s 
o r i g i n , no t r o o t p a r t i c l e s . S i n c e , h o w e v e r , t h i s h y p o t h e s i s is n o c e r t i t u d e , h e a b s t a i n s f r o m 
g i v i n g these f o r m s s p e c i f i c o r g e n e r i c n a m e s a n d m e r e l y f o r d i s c e r n m e n t m a r k s t h e m w i t h 
s e r i a l n u m b e r s , i n d i c a t i n g a t t he s a m e t ime w h i c h of Musciphyta a n d Hepaticaephyta t h e y a r e 
m o s t s u g g e s t i v e o f . F u r t h e r e x a m i n a t i o n wi l l h a v e t o d e c i d e o n w h i c h s ide t h e t r u t h is. 
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Data i l ed descript ion of t h e p lant rests: 
N o . 1 
(Mitsciphyton? ) 
Pla tes I. and V I . 
P lan t height inc luding twis ts is 2,2 m m , bu t when imagining the p l an t 
s t ra ightened out it must h a v e been 3—3,5 m m high (1). T h e cone-shaped lower 
pa r t was surely in the soil; this inference m a y be d r a w n f r o m the fac t , t ha t 
f r o m this pa r t of the p l a n t several, c o m p a r a t i v e l y short roo t -ha i r s or ig ina ted 
(Fig. 1., 2., 3.). T h e wid th (r) of the in tac t root hai rs is 10—11 it, the length 
100—200 ,//. T iny minera l substances adhe red to t h e sur face of the vege ta t ive 
cone. Roo tha i r s or ig ina ted also f r o m the u p p e r p a r t of the cone-shaped apex , 
f rom the region of the so called root-neck. T h e roo t -ha i r s h a v e neither t r ans -
versal walls , no r thickenings, bu t den ta te th ickenings are seen in some of them. 
Thei r wal ls a re thin , of 2—2,5 u. 
T h e a r r a n g e m e n t of t h e externa l ep idermis cells nea r the roc t - apex is 
def in i te ly discernible (a) : T h e surface is covered wi th somewha t e longated, 
compara t ive ly th ick-wal led short and long cells, a r r anged in most cases in 
longi tudinal rows. In the root -neck region the length of the ep idermal cells is 
50—60 ft, the w i d t h 35—40 u. Direc t ly a b o v e the roc t -neck the ep ide rmal cells 
are more o r less of equal size. T h e cells above each o the r in the somewhat higher 
regions show d i f fe rences in size (b), name ly long and short cells a re regular ly 
a l t e rna t ing (b , ) . Fo r ins tance cells of the fo l lowing size a re a r r anged succes-
sively; 55—22—80—26—100—20 fi, so the a l t e rna t ing of the short and long 
cells is well observable . 
20 ep ide rmal ce l l - rows are a r ranged on the c i rcumference of the t iny cyl in-
drical stem so inference can be d r a w n on the thinness of the t iny stem. In the 
higher regions the ep ide rmal cells are somewha t longer and there a re much 
f ewer short cells a m o n g them (c, c , ) . T h e conduc t ive b u n d l e is de f in i t e ly se-
pa ra t i ng f r o m the cor t ical cells at the end of the t iny stem. Simple pi ts f o r m i n g 
a string are seen in the conduc t ive elements. 
N o t even traces of l ea f -p r imord ia or sporangia were observable on the 
whole longi tudinal sur face of the stem, p r o v i n g t h a t the t iny p lan t represents 
a cyl indr ical , non -b ranch ing leafless pr imi t ive stem. 
N o . 2. 
(Mitsciphyton ?) 
Plates I I . and V I I . 
T h e height of this p l an t was merely 1.5 m m (Fig. 1., 2.). I ts cyl indr ica l 
s t ructure was clearly visible f r o m outside. F rom the basis of the somewha t th i -
ckened lower p a r t a shor t la tera l shoot or ig inated , of which the s t u m p remained 
only. T h e d iameter of the lower p a r t is 0.6 m m , whi le tha t of the broken u p p e r 
par t 0.4 m m . T h e surface is covered wi th well visible th ick walled ep ide rmal 
cells. T h e shape of the ep idermal cells cn the lower pa r t is more o r less regular ly 
hexagonal , whi le the cells a r r anged somewhat higher are square, i r regular ly 
quadr i l a t e ra l or ob long (Fig. 2.). T h e cells in the u p p e r regions a re a r r anged 
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P l a t e I. 
P l a n t N o . I . Muscipbyionf 
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P l a t e 11. 
P l a n t N o . 2 . Musciphyton? 
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in def in i te ly longi tud ina l r o w s / H e r e and the re the a l t e rna t ion of the e longa ted 
and shor t cells can be clearly established. In the th ickened wal ls of t h e ep ide r -
mal cells there is no par t i cu la r thickening, also the inner wall t o w a r d s t h e 
lumen a p p e a r s t o be entirely smooth . 
F rom the lower p a r t of the t iny p l a n t n o percept ib le r h i z o i d - t h r e a d s o r i -
g ina ted , a t least such threads were not observed p r o b a b l y because of the m i n u t e 
soil par t ic les st icking t o the lower par t of the t iny p lan t . T h e th inness of t h e 
t iny p l a n t is i l lustrated by the fact t h a t mere ly 12—14 ep ide rmal cells a r e 
a r r anged on the c i rcumference of the u p p e r p a r t . T h e height of t h e cells va r i ed 
between 50—70 «, while the w id th increased scarcely f r o m the b o t t o m to t h e 
top. 
Since the cyl indr ica l s t ruc ture of this t iny p l a n t was visible a t the f i r s t 
glance, cross sections were p repa red to e x a m i n e the in terna l s t ruc ture . W e suc-
ceeded to p r epa re several cross-sections f r o m the t iny piece of nea r ly 1 m m . 
T h e cross-section s t ruc ture revealed that t h e ex te rna l epidermis cell wa l l s a r e 
s igni f icant ly th icker than the internal wal l s . Below the c o m p a r a t i v e l y high 
ep ide rmal cel l- layer fo l lowed a cortical cel l - layer also wi th large cavi t ies . T h e 
walls of these cells were very th in too. In the in te r ior of the p l a n t c o m p a r a -
t ively large cavit ies of the ep ide rmal a n d cor t ical cells were consp icuous (3). 
N e x t fo l lowed the central par t , wi th 6 s ta r shaped branchings . Th is s t ruc -
tu re showed in all p robabi l i ty the a r r angemen t of the conduc t ive e lements (3) . 
T h e minu te longi tud ina l s t ruc ture of the conduc t ive elements could not be 
de t e rmined as we were compelled to sacr i fy the t i ny p l a n t f o r t h e sake of p r e -
cise examina t ion of the cross-section. 
N o . 3. 
(Musciphyton ?) 
Plates I I I . and V I I I . 
P l a n t size abou t 2.6 mm. T h e u n d e r g r o u n d p a r t l ived in the soil p r o b a b l y 
as a rhizome, since the ove rg round stem deve loped in a pe rpend icu la r d i r ec t ion , 
f r o m the hor izonta l p a r t . O n e end of the p l a n t is subs tant ia l ly th i cke r t han t h e 
o ther . T h e b roade r end is 280—300 u, whi le the th inne r p a r t scarcely 100 u 
th ick . F rom the apex of the th icker end, the short p a r t lef t of t h e c o n d u c t i n g 
bund les can be seen. Th is b u n d l e runs t h rough the whole p l an t and in it t h e 
pear l - s t r ing s imple-pi t ted th ickening is de f in i t e ly to be observed , as a rule in 
fou r longi tud ina l r o w s . " The conduct ive e lements a re covered wi th a b o u t 20 /< 
high and 70—80 u long elongated parenchyma-ce l l s ; these a re f o l l o w e d by t h e 
ex te r ior cort ical cells of 210—220 /i length and 40—50 u height . T h e cor t ica l 
cells a re a r r anged usual ly in longi tudinal rows. 
H e r e and there t iny cones are seen on the side of the b r o a d e n e d stem ( d j , 
d 2 ) ; these a re in all p robabi l i ty the places of the g rowing lateral shoots o r 
vege ta t ive cones a lmost invar iab ly deve loping f r o m the f i t t i ng toge ther of f o u r 
s In the u p p e r p a r t t h e n u m b e r o f the r o w s is d i m i n i s h i n g b e c a u s e o n e r o w f o l l o w s 
as t h e c o n t i n u a t i o n of t w o (see a t t h e w h i t e a r r o w ) . 
9 4 S i m i l a r s i m p l e - p i t t e d b e a d - s t r i n g t h i c k e n i n g w a s f o u n d a l s o in t h e c o n d u c t i v e e l e m e n t s 
of t h e R h y n i a f r o m t h e D e v o n i a n (F ig . 3.) . T h e r e s e m b l a n c e is r a t h e r s t r i k i n g . 
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cells a lmost suggesting tha t the lateral shoots wou ld break out f r o m there 
< d i ' . . . . 
A n essentially similar s t ruc ture exists on the la tera l b r anch ar is ing f r o m 
the ho r i zon ta l ly runn ing rhizome. H e r e too the re a re crest- l ike p rominences , 
t iny cones. I t is r emarkab l e however tha t no roo tha i r s o r roo t -ha i r p r i m o r d i a 
were observed on this t i ny p l a n t . 
N o . 4. 
(Musciphyton ?) 
Plates IV. a n d I X . 
Length of the t iny p lan t is precisely 2 m m , t h e height of the t w o la tera l 
b ranches (band c) 0.9 mm. T h e first b r a n c h i n g (b) is at a dis tance of 1800 u 
f r o m the one end, the second branching (c) a t 1000 /< f r o m the fo rmer , t h e 
knob- l ike b roadened end a t about 1200 /< f r o m the la t ter . The lower p a r t of 
the whole t iny p l a n t had p r o b a b l y a rh i zome- type posit ion in the soil. 
A t the f o r e - p a r t was p robab ly the vege ta t ive cone (a, a , , a.,); t h e o t h e r 
end is likely to be broken o f f . This can be conc luded f r o m the shape of the 
cells and f r o m the end ing of the rhizome (d, d , , d j ) . Several roo t -ha i r s o r ig ina t e 
f r o m the ho r i zon ta l ly runn ing rhizome-l ike p a r t ; their length may h a v e been 
60—100 o r even 400 The i r walls a re th in , on some of them the d e n t a t e t h i -
cken ing (R, R , , R.,) is visible t oward the cel l - lumen. Th is s t ruc ture is de f in i t e ly 
suggest ive of or cor responding to the den t a t e th ickenings of the rh izo ids of li-
ve rwor t s . T h u s in this respect the l iverwor t c h a r a c t e r is beyond d o u b t . 
T h e vege ta t ive cone (?). O n the f o r e - p a r t of the t iny p l a n t the b r o a d l y 
ex tend ing and widen ing vegeta t ive cone (?) is c lear ly t o be seen ( l a , 2 a , , 3a;.); 
i ts thickness if of 650 u. T h e surface is covered wi th ob long cells of d i f f e r e n t 
size; most of these are 100—110 ii long and 50—60 /> b road , o the r s a re la rger 
or smaller . In the m i d d l e of the vegeta t ive cone (?) t o w a r d a t w i n - c u t lead ing-
cell (?) an incision seems to appea r : the vege ta t ive cone (?) at the end of the 
stem is separa ted in t w o near ly equal pa r t s . I t is possible, howeve r , t h a t t h e 
su r face cell was torn out f rom here and t he r e fo re a g a p remained . A l i t t le 
f u r t h e r roo t -ha i r s or ig inate f r o m d i f f e r e n t p a r t s of the t aper ing rh i zome (2, 3). 
O n some of the root -hai rs it is clearly seen t h a t they a re in real i ty the bulges 
of an ep idermal cell, while in others the basis p ro t rudes as a p i l low f r o m the 
su r face of the epidermis , t aper ing and tu rn ing to a real roo t -ha i r on ly a f t e r 
a one cell height . 
F rom the basis of the branch par t ic le wi th the vege ta t ive cone ( 2 a , ) r o o t -
hairs o r ig ina ted , bu t in the uppe r pa r t s (b , , b^) no o r ig ina t ing of roo t -ha i r s 
could be observed. T h e stem surface is covered here wi th somewha t e longa ted , 
ob long cells (b j , b^) in the direct ion of the axis. T h e length of t h e cells ranges 
between 50—100 ji, the w i d t h between 40—45 it. T h e end of the t iny stem is 
b roken o f f , the shape and a r rangement of the cells near the b reak ing -p l ace cle-
a r ly show tha t the t iny stem was cyl indr ica l (b^). I ts c i rcumference is covered-
wi th th i ck -wa l l ed ep idermal cells. O n e o r t w o layers of t h in -wa l l ed cor t ical 
cells fo l low and conduc t ive elements a re runn ing in the inter ior . A pea r l - l ike 
th ickening was observed in the conduc t ive elements , u n d e r cons iderab le en la r -
gement . 
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T h e second la tera l b ranch (c>, c*) is 2 m m . T h e sur face t o w a r d the 
axis is covered wi th corticalcells, ex tended in the d i rec t ion of t h e axis. T h e 
length of the cort ical-cel ls is d i f f e ren t , they a re a t some places 270—300 ft long 
and 35—40 /< wide . T h e i r o u t e r walls a re cons iderab ly th icker t han those of 
the under ly ing cort ical-cel ls . Such a r r angemen t of the cor t ical-cel ls exists a lso 
in o t h e r Musciphyta (see P l a t e I.). Some roo t -ha i r s a re o r ig ina t ing f r o m the 
basis of this t i ny stem ( c t ) ; this al lows of the conclusion, t ha t t h e p l a n t m i g h t 
h a v e been to tha t dep th in the soil. 
T h e o the r end of the stem (d, d , , d 2 ) is essential ly similar to t h e s t ruc tu re 
of the p a r t wi th the vege ta t ive cone (a, a , , a;,). F rom the basis of t h e l a t t e r a lso 
shor te r or longer roo t -ha i r s originate. T h e sur face cells a r e here s o m e w h a t lon-
ger (150 ft), their , w i d t h measures 65—70 T h e wal ls a re c o m p a r a t i v e l y th ick . 
A Hystrichosphaera ( H , H ' ) was s t icking to the roo t -ha i r s . 
Were it not fo r the vegeta t ive cone-l ike ending, the rhizoid w i t h t h e d e n -
t a t e th ickening and the adher ing Hystrichosphaera, the s t ruc tu re w o u l d be 
suggest ive of some Carex root . In the au tho r ' s opin ion , howeve r , t h e l a t t e r 
assumpt ion is unl ikely. 
No . 5. 
(Hepaticaephyton ?) 
Plates V., X . and X I . 
T h e max ima l length of the t iny p l a n t is 1.6 m m . Its f l a t l y p r o s t r a t e d 
tha l lus c lung to the soil in all p robabi l i ty w i th a shor t root pa r t ; one b r a n c h of 
the d icho tomous b ranch ing reached a iength of 1.5 m m , the o t h e r 0 .9 m m . 
A n o t h e r d i cho tomous lateral b ranch p r i m o r d i u m w a s on the longer b r a n c h at 
a dis tance of 1.1 m m , whi le on the a h o r t e r side the d i cho tomous b r a n c h i n g 
occurred a l r eady a t a d is tance of 300 u (Fig. 1.). T h e ends of all t i n y b r anches 
seemed to be broken o f f , i.e. these are no na tu ra l endings . A n a t u r a l end ing 
could be only supposed a t the end of the lower b ranch (P la te X . Fig. 1.). 
T h e t i ny p lan t is def in i te ly f la t tened, the w id th of the f l a t t ened stems is 200— 
210 /i, d imin ish ing in some places to 110—120 u, p r o b a b l y as a consequence 
of the f l a t stem tu rn ing somewha t u p w a r d s w i th its edge. 
A vigorous longi tud ina l crest runs a long the m i d d l e of t h e f l a t b o d y ; 
ad j acen t ly here and there 2—3 much lower crests a re f o u n d . T h e crest is no t 
eve rywhe re cont inuous , in some places it is b roken and runs s inuously (Fig. 2 
to the r ight) . F rom the lateral side of the f la t b o d y a t a d is tance of 150—200 /t 
+ t r iangle shaped lobes a re b ranch ing o f f ; f r o m thei r endings o f t e n enough 
200—300 ii long f l a t and mult icel lular hai rs (2a) a re r a m i f y i n g . T h e d i s t inc t 
rh izoid pa r t m a r k e d wi th r on the d r a w i n g a p p e a r e d but at few places as soil-
part ic les c lung to it. T h e p a r t cor responding to the cauloid is a b o u t 150 <t 
long, somewha t cyl indr ica l , w i th t w o cy l indr ica l shaped roo t -ha i r s o r rh izo ids 
or ig ina t ing f r o m the base. These t w o roo t -ha i r s d i f f e r c lear ly as aga ins t the 
hai rs b r anch ing f r o m t h e lateral side of t h e p l a n t . 
T h e ass imila t ing ha i r s (?) are general ly f o u n d in the con t inua t ion of the 
thal lus- lobes a t a more or less regular d i s t ance f r o m each o the r (Fig . 2.). These 
hai rs a re def in i te ly f la t and somewhat twis ted a r o u n d t h e axis ( P l a t e X I . ) T h e i r 
su r face is covered wi th very f ine and t iny war t s . T h e ends of the h a i r - s t r u c -
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P l a t e V . 
P l a n t N o . 5. Hepalicaephytoni 
tures are as a rule t aper ing (2 d) . A separated short basal cell is f o u n d at the 
bo t tom of some hairs (b , , c, d) . There are unicel lular and mul t ice l lu lar ones. 
Some of the mul t ice l lu lar have a s t ructure comporab l e to the hai rs b r a n c h i n g 
f rom the tha l lus of the l i ve rwor t Higrobliella laxifolia (P la te X I . 2. a ,) . 
T h e whole s t ruc tu re of this t iny p lan t — strange though it m a y a p p e a r — 
o u t w a r d l y reminds up to a certain degree of the prothallium s t ruc ture of 
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Psilotum triquetrum, but on the whole surface there were no par t s suggestive 
of archegonia or antheridia. 
Whethe r this t iny plant belongs to the gametophyton or to the sporo-
phyton generat ion could not be determined as it has neither reproduc t ive o r -
gans nor sporogonia. If belonging to the gametophyton generat ion it is to be 
considered as a moss or perhaps as some prothallium, but if it was a sporophy-
lon, it should be referred to as Propsilophyton. 
O n the whole the plagiotropic and f la t body of our tiny p lant d i f f e r s 
entirely f rom the cylindrical stem of the above described Musciphyta; the 




Plate X I I . 
The tiny p lant was photographed a f t e r having been prepared f r o m the 
limestone by dissolution. Its total height in this condi t ion was 8.5 m m . Wi th 
careful handl ing we were able to separate two t iny plants f rom this g roup . 
Both have essentially the same structure as each has a rhizoid, a short n o n -
branching cauloid and a dichotomously branching phyl loid thallus-pzn. In 
this intact condi t ion a cone-shaped tiny body (s) p ro t ruded f rom the en tang led 
l la t thallus-p&rts which a f t e r precise examinat ions proved to be p robab ly a 
sporogonium, all the more since some spores adhered to it external ly (s). 
O n e of the t iny plants has 2—3 claw-l ike f la t tened extensions on the pa r t 
f ixing the p lant to the soil (2a, 3a,). This c law-l ike s t ructure is az a whole si-
mi lar to the corresponding par t of some l iverwor t adher ing t o the bo t tom. T h e 
non-branching cauloid part is about 1 m m long, its t op is d ichotomously b ranch-
ing; when the lateral branches thus produced r a m i f y again, the b ranch ing 
is once more d ichotomous (2). In the interior of the cauloid par t the conduc t ive 
bundle consisting of the elongated cells shows through the cortical cells. H e r e 
the surface cells are elongated but compara t ive ly low oblongs 14—16 it high 
and 110 /i long. 
In the original condit ion of the p lant one sporogonium (?) emerged out 
of the entangled stems as seen on the pho to (Fig. 2, 4). Dur ing the f u r t h e r 
operat ion unfo r tuna te ly the sporogonium itself b roke but, as the pho to shows, 
we succeeded by assembling the parts in reconstruct ing exat ly its shape. 
The bot tom of the sporogonium at the end is 130—146 u wide (Fig. 6.), 
this width grows successively, reaching in the middle 300—400 // and a t the 
widest par t 600—700 u. From this part on the taper ing is more sudden and the 
upper end is scarcely 200 u thick. 
When care fu l ly disentagling the t iny p lant we succeded in observing three 
spores amidst the entangled threads sticked to each o ther next to the sporo-
gonium. The spores were definitely three-edged consequently te t raedr ic . They 
were similar to the spores of some living l iverwor ts (7 sp.). 
Still our t iny p lant in its whole construct ion with its d ichotomous b r a n -
ching is most suggestive of the living l iverworts , but it also resembles to the 
Devonian Zosterophyllum; it can not be ident i f ied, however , wi th the root 
system of any seedy plant . 
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Summary 
A r g u m e n t s in f a v o u r and against the O r d o v i c i a n origin of the p l an t rests 
a re summar ized as fo l lows. 
Plant No. 1. (Plates I. and VI . ) in its habi t is ac tua l ly suggestive of some 
Carex roots , the shape of the externa l ep ide rma l cells being indeed also similar. 
In con t r ad ic t ion t o this supposi t ion, however , the ep idermal cells in the root 
region a re much shorter , square (a), whi le in the uppe r pa r t ob long; roo t -ha i r s 
occur in a grea t number only in the th ickened pa r t whi le in the u p p e r por t ion 
there a re none. T h e roothai rs a re unicel lular , w i th den t a t e th ickening (see b lack 
a r row) , such as do not occur in higher p lan ts . 
Plant No. 2. (Plates I I . and VI I . ) . T h e a r r a n g e m e n t of the ep ide rmal cells 
is s imilar to the epidermis s t ruc ture of Carex roots, bu t the t iny stem is much 
th icker a t the base than in the uppe r pa r t . In the uppe r pa r t the n u m b e r of 
the pe r iphera l cells is l ower t han in the lower par t , thus the t iny stem is 
u p w a r d s t ape r ing (see a t whi te a r r o w ) . F rom the base a la teral shoot or ig inates 
that is b roken o f f . T h e cross section also shows a p ic ture d i f f e r e n t f r o m the 
in ter ior s t ruc ture of Carex species. T h e conduc t ive elements a re a r r anged in 
the cent re in a s tar shape (2a). 
Plant No. J. (Plates I I I . and V I I I . ) . O n the sur face the ep idermal cells 
are p a r t l y similar to those in Carex species, but there a re small w a r t s tha t can 
no t be considered as roc t -ha i r p r i m o r d i a (d, dL.). In the in ter ior the conduc t ive 
elements h a v e simple p i t ted th ickenings as in the Rhynia f r o m the D e v o n i a n 
(Fig. 4.). 
Plant No. 4. P la tes IV. and I X . T h e habi t reminds of Carex roots , bu t 
in con t rad ic t ion to any such hypothes is the f l a t ly ex tend ing „vege ta t ive c o n e " 
as an end ing subs tant ia l ly d i f f e r s f r o m the vege ta t ive cone of higher p lan t s 
(a..). F rom the pa r t in the ear th rhizoids or iginated wi th explicit den t a t e th icke-
nings (r, r), such as do not occur in higher p lan ts . A Hystrichosphaera st icks 
to the p l an t ( H ) . 
Plant No. 5. (Plates V., X . and X I . ) . C a n n o t be c o m p a r e d wi th any 
organ of a higher p lan t . It is most suggestive of some sort of l iverwor t . Besides 
the th in root hairs (2b) mul t ice l lu la r ass imila t ing hai rs ( a , ) a re f r equen t . These 
depa r t f r o m a b road base, fo l low each o ther at a lmost regular dis tances and 
a re expl ic i t ly f l a t t en ing . T h e y can in no way be compared wi th the root hai rs 
of higher p l a n t s (P la te X I . ) 
Plant No. 6. P la te X I I . Can not be compared wi th the root system of 
higher p lan ts . T h e c law-shaped basis (a), in its con t inuance the short stem and 
the repea tedly and d ichotomous ly b ranch ing thallus por t ion or ig ina t ing f r o m 
the uppe r pa r t of the stem is suggestive of some l iverwor t . T h e pa r t a m o n g the 
thallus par t ic les similar to a sporogonium (S) and the f e w spores found here 
(Sp) seem to suppor t this hypothes is . 
Plate X I I I . T h e O r d o v i c i a n origin is also suppor ted by seme Hystricho-
sphaeridium-Y\ke unicel lular o rganisms p repa red by the a u t h o r f r o m the piece 
of boulder received f r o m Pro f . KOZLOWSKY. Fig. 1. represents a Hystricho-
sphaeridium of E I S E N A C H f r o m the Si lur ian, whi le Fig. 1 a. refers to ou r boul-
der . S imi lar ly the Figs. 2., 3., 4. and 5. a re f r o m the Si lur ian pape r of 
E I S E N A C H whi le 2.a, 3.a, 4.a and 5.a f r o m our rock. Figs. 6—12 all refer to 
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our bou lde r ; they could not be de te rmined as yet . W i t h one excep t ion (12) 
they all have an echinula te surface, so they belong to all p robab i l i t y to the 
same o r to similar groups. T h u s their origin and systemat ical p lace is: incertae 
sedis. 
i 
Summing up a rgument s and coun te r -a rgument s the a u t h o r still r e f r a i n s to 
t ake a de f in i t e s tand on the problem, whe the r these t i ny p lan t s ac tua l ly origi-
na te f r o m the Devon ian . Several a rgumen t s suppor t the v iew tha t these t i ny 
p l a n t s o r p l an t por t ions to some extent de f in i t e ly d i f f e r f r o m recent p l a n t s ; on 
the o the r h a n d they posses certain proper t ies tha t suggest some cons ide ra t ions 
b e f o r e p ronounc ing a de f in i t e judgment . F u r t h e r examina t ions and f ind ings 
will f ina l ly decide the quest ion whether these p l a n t s o r p l an t p a r t s were or ig i -
na l ly included in the boulder that beyond d o u b t or ig inates f r o m the O r d o v i -
cium or subsequent ly found the i r way into the rock. T h e p r imi t i ve s t r u c t u r e 
of these p lan t s presents by all means a d i f f i c u l t p rob lem to the biologist . 
Fo r t h a t very reason a u t h o r asks fo r succour of all those, w h o in spi te of 
t h e a rgument s ment ioned by him above, regard these p lan t res t s as roo t - res t s of 
r ecen t -p lan t s ( fo r ins tance K R A U S E L , S C H M I D T , S O 6 etc.), to d e n o m i n a t e precisely 
those recent-plants , wi th t h a t they can t hem i d e n t i f y . Til l n o w a u t h o r had no 
succes in this, nei ther on the basis of the Carex-dntn of B E R T S H a n d M A T J U -
SCHENKO, nor accord ing to his own research. If we assert someth ing , we must 
a lso p r o v e it. For the k ind communica t ion a u t h o r t h a n k s in advance . 
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Grcgu*» 
P l a t e V I . 
P l a n t N o . 1. (Muscipbyton?) 
F i g . 1 . : T h e t i n y p l a n t in p r e p a r e d c o n d i t i o n . R o o t h a i r s o n l y d e v e l o p e d in t h e c o n i c p a r t 
( 2 0 X a p p r . ) 
F :ig. 2 . : T h e s a m e . E p i d e r m a l ce l l s o n t h e s u r f a c e a r e s h o r t e r a t t h e b a s e ( a ) t h e n e l o n g a t i n g 
( b ) ; t h e y a r e t h e l o n g e s t a t t h e e n d i n g s (c) ( 6 0 X ) . D e t a i l f r o m F i g . 2 ( a i , b i , c i ) 
1 0 0 X ) . 
F ig . 3 . : A t t h e b r o a d e n e d e n d i n g of t h e t i n y p l a n t r o o t h a i r s o r r h i z o i d s ( r ) . B e s i d e s , s e p a r a t e l y 
a r o o t - h a i r o r r h i z o i d w i t h d e n t a t e t h i c k e n i n g ( 1 0 0 X ) . T h e r o o t - h a i r s e p a r a t e l y ( r ) 
( 3 0 0 X ) . 
PI,(I. 
Grcguss 
P l a t e V I I . 
Plant No. 2. (Musciphytoni) 
F i g . I . : T h e t i n y p l a n t in p r e p a r e d c o n d i t i o n ( 4 0 X ) . O r i g i n a l s i ze 1,5 m m . 
F ig . 2 . : T h e s a m e ( I 2 0 X ) . 
F i g . 2 a : C r o s s s e c t i o n s t r u c t u r e o f t h e t i n y p l a n t . T h e g r e a t e p i d e r m a l a n d c o r t i c a l ce l l s a r e 
c o n s p i c u o u s . I n t h e m i d d l e c o n d u c t i v e e l e m e n t s a r r a n g e d in s t a r - s h a p e ( 1 2 0 X ) . 
Plot. Greguss 
P l a t e V I I I . 
P l a n t N o . 3. (Muscipbyton?) 
T i g . I . a . , b . , c . : T h e t i n y p l a n t in p r e p a r e d c o n d i t i o n ( 4 0 X ) . 
T i g . 2 . a t , b | , c j : T l i e s a m e , m o r e e n l a r g e d . O n t h e s u r f a c e a n u m b e r o f k n o b s c a n b e o b s e r v e d 
c o n s i s t i n g eaci i o f 4 — 6 ce l l s ( a ) . Q n t h e s u r f a c e o f t h e t i n y s t e m , c r e s t s a n d b u d -
s h a p e d p r o t u b e r a n c e s a r e seen ( b | ) . In t h e i n t e r i o r o f t h e p l a n t p a r t a c o n d u c t i v e 
b u n d l e (c i ) . 
F ig . 3. a2, ba, c» : O n the s u r f a c e o f t h e p l a n t t he cel ls a r e o b l o n g w i t h b u d - s h a p e d p r o t u b e -
r a n c e s o n the s u r f a c e (a*) . O n t h e s u r f a c e of t h e p l a n t p o r t i o n t h e cel ls a r e of v a r i e d 
s h a p e s , f o r m i n g t h i n n e r or b r o a d e r cres ts o r m a s s i n g i n t o l i t t l e b u d - s h a p e d c o n e s 
( d | , d 2 ) . T o t h e a p e x of t h e s t e m in the c o n d u c t i v e e l e m e n t s t h e r e a r e s i m p l e p i t s 
f o l l o w i n g e a c h o t h e r as t h e b e a d s o f a s t r i ng . C o r t i c a l cells a r e m u c h l o n g e r h e r e 
t h a n in the l o w e r p a r t of t h e s t em (c»). 
Fig . 4 . : D e t a i l of t h e D e v o n i a n Rhynia w h e r e in t h e c o n d u c t i v e b u n d l e s t h e p e a r l s t r i n g -
s h a p e d t h i c k e n i n g s a r e t h e s a m e as in F ig . a -
Fl'«»t. G r c g u s s 
P l a t e I X . 
P l a i n N o . 4. | Musciphyton?) 
Fig . I . : T h e t i n y p l a n t in ha l f p r e p a r e d c o n d i t i o n . R o c k p a r t i c l e s sti l l s t ick t o i ts s u r f a c e 
(40 X ) . T h e s e v e r a l b r a n c h i n g p o r t i o n s of t h e p l a n t (a, b, c, d ) . 
F ig . 2 . : T h e s a m e p l a n t in f u l l y p r e p a r e d c o n d i t i o n . A t t h e a p e x a b r o a d e n i n g v e g e t a t i v e 
c o n e ( a i ) . P r o t r u d i n g s t em p o r t i o n s ( b | , c i ) . F r o m ci r h i / o i d s w i t h d e n t a t e t h i c k e n i n g s 
o r i g i n a t e (R) . B e t w e e n t h e t w o s t em p a r t s a s ing le r h i z o i d w i t h e x p l i c i t l y d e n t a t e 
t h i c k e n i n g . D e t a i l o f r h i z o i d m o r e e n l a r g e d ( R | ) . T h e o t h e r e n d i n g o f the t i n y p l a n t 
( d i ) . A Hystrichosphaera s t i c k i n g t o the r h i z o i d ( H i ) . S i n g l e Hystrichosphaera n e x t 
t o t h e r o o t h a i r ( H ) . 
Fig 3 . : S o m e p o r t i o n s of t h e t i n y p l a n t . T h e e n d i n g o f t h e s t em r o u n d e d o f f ( v e g e t a t i v e 
cone?) ( a j ) . P o r t i o n of the r i s ing t i n y s t e m ( b j , ce). T h e o t h e r e n d i n g of t h e s t em ( d j ) . 
Phot. G regit« 
P l a t e X . 
P l a n t N o . 5. (Hcpaticacpbylon?) 
Fi g . 1 . : T h e t i n y p l a n t in p r e p a r e d c o n d i t i o n . S i z e : 1,5 m m . T h e e n c i r c l e d d e t a i l is s h o w n 
in F i g . 2. ( M a g n i f i c a t i o n : 6 0 X ) - F r o m t h e tballus a s s i m i l a t i n g (?) h a i r s o r i g i n a t e a t 
e q u a l d i s t a n c e s . I n a ) : m u l t i c e l l u l a r n o n - b r a n c h i n g h a i r . T h e s a m e s e p a r a t e l y ( a j ) . 





P l a t e X I . 
P l a n t N o . 5. (Hcpaticacphyton?) 
l ig. t . : E p i d e r m a l s t r u c t u r e s in a p o r t i o n of t h e t i n y p l a n t N o . 5 ;(a, b, c) . T h e s a m e 
e p i d e r m a l s t r u c t u r e s m o r e e n l a r g e d . T h e l o w e r p a r t of t h e s t r u c t u r e s is u n i c e l l u l a r 
a n d b r o a d e n i n g ( a t , b i , c i , d i ) . ' 
! ig. 2 . : T h e f l a t e n d i n g of t h e prothallium(H) is c u r v i n g in w a r d s , o n i ts s u r f a c e t h e r e a re l o n g 
e p i d e r m a l s t r u c t u r e s ( d ) . A s ing le h a i r s t r u c t u r e o r i g i n a t e s f r o m a c o n i c a l l y p r o t r u d i n g 
p a r t , t h e l o w e r p o r t i o n is u n i c e l l u l a r , t h e s u r f a c e w a r t y , a n d t h e s u r f a c e o t t h e h a i r 
s t r u c t u r e a l so ( d | ) . 
Pilot. r.rCRIIl. 
P l a t e X I I . 
P l a n t N o . 6 . (Hepaticacphyton?) 
l i g . I . : T h e t i n y p l a n t in p r e p a r e d c o n d i t i o n . D i c h o t o m o u s b r a n c h i n g . H e i g h t 8 ,5 m m . 
P i g . 2 . : T h e s a m e , m o r e e n l a r g e d . T h e l o w e r p a r t s h o w i n g c l a w - s h a p e d b r o a d e n i n g ( a ) . B e t -
w e e n t h e f l a t b r a n c h e s p r o b a b l y sporogonium ( S ) . 
F i g . 3 . : T h e c l a w - s h a p e d e n d i n g m o r e e n l a r g e d ( a i ) . 
l ig. 4 . : B e t w e e n t h e f l a t s t e m s c y l i n d r i c a l h a l f - b r o k e n sporogoninm(?) (S ) . 
F i g . 5 . : T h e p r e p a r e d a n d b r o k e n sporogon:um(?) 
I ig. 6 . : T h e p r e p a r e d sporogonium m o r e e n l a r g e d . 
F i g . 7 . : T h r e e s p o r e s p r e p a r e d f r o m a m o n g t h e t i n y s t e m s , n o t f r o m t h e sporogonium. 
I'l.Ot. GfCgUS! 
F . g . J . : 
F ig . I. 
F ig . 2 . 
F ig . 2 . 
F ig . 3 . : 
F igs . 3 
Fig. 4 . : 
Fig . 4 . 
F ig . 5 . : 
F ig . 5. 
F ig . 6 . : 
F ig . 7 . : 
F i g . 7 . 
F igs . 8-
P l a t e X I I I . 
U n i c e l l u l a r o r g a n i s m s f r o m t h e b o u l d e r 
Hystricbosphacridium. F r o m EISENACH'S p a p e r , 
a . : A f o r m s i m i l a r t o N o . I . ( f r o m a u r b o u l d e r ) . 
Hystricbospbaeridium. F r o m EISENACH'S p a p e r , 
a . : A f o r m s i m i l a r t o N o . 2 . ( f r o m a u r b o u l d e r ) . 
Hystricbospbaeridium. F r o m EISENACH'S p a p e r , 
a . a n d b . : F o r m s s i m i l a r t o N o . 3. ( f r o m a u r b o u l d e r ) . 
Hystricbospbaeridium. F r o m EISENACH'S p a p e r , 
a . : F o r m s i m i l a r t o N o . 4 . ( f r o m a u r b o u l d e r ) . 
F r o m EISENACH'S p a p e r , 
a . : F o r m s i m i l a r t o N o . 5 . ( f r o m o u r b o u l d e r ) . 
F o r m s i m i l a r t o N o . 1. a . , t h e t h o r n d i c h o t o m o u s l y b r a n c h i n g , see e n d i n g of t h o r n 
b r o k e n o f f in t h e u p p e r l e f t c o r n e r . 
Incertae sedis f r o m o u r b o u l d e r , 
a . : D e t a i l o f N o . 7 e n l a r g e d 2 X . 
- 1 2 : S t r u c t u r e s o f t h o r n y s u r f a c e , d e t e r m i n a t i o n u n c e r t a i n . A l l f r o m o u r b o u l d e r . 
